Oestrogen targeting in the human genital ducts is still not well-known. In fact, to date, the localization of oestrogen receptors, ESR1 and ESR2, is controversial and the presence of the membrane oestrogen receptor GPER (G protein-coupled oestrogen receptor) is unexplored. This study has investigated the expression of GPER, ESR1, ESR2 in human ductuli efferentes and proximal caput epididymis by immunohistochemistry and Western blot analysis. Furthermore, the presence of PELP1 (proline-glutamic acid-leucinerich protein 1), a co-regulator of the oestrogen receptors, was also evaluated. In ductuli efferentes, GPER and ESR1 were clearly localized in all epithelial cells, while ESR2 was evidenced only in ciliated cells. Conversely, the epithelial cells of proximal caput epididymis revealed moderate GPER immunoreactivity, the absence of ERS1 and the occasional presence of ESR2. Furthermore, PELP1 was observed in ciliated cells of ductuli efferentes and in principal cells of proximal caput epididymis. Therefore, this study firstly demonstrated the expression of GPER in human male genital ducts, revealing a new mediator of oestrogen action in these anatomical sites. ESR1 and ESR2 were differentially localized in the two genital tracts together with PELP1, but cell sites of ERs and their coregulator were not homogeneous. So, a different regional/cellular association of GPER with the classical oestrogen receptors was highlighted, suggesting that oestrogen action could be mediated by GPER, ESR1, ESR2 in ductuli efferentes, while by GPER and, occasionally by ESR2, in proximal caput epididymis. This study suggests that the specific oestrogen-mediated functions in human genital ducts might result from the different local interactions of oestrogens with oestrogen receptors and their co-regulators.
INTRODUCTION
Spermatozoa of mammals, including the human, complete their maturation process and acquire fertilizing ability during the transit through the genital ducts (Cooper & Yeung, 2006) . Particularly, testicular spermatozoa cells enter firstly into ductuli efferentes and then into epididymis, progressing along the caput, the corpus and the cauda where they are stored until ejaculation.
The oestrogens synthesized from androgens by the cytochrome P450 aromatase are necessary for male reproductive function and fertility (Carreau & Hess, 2010; Joseph et al., 2011) . Oestrogen concentrations are high in fluids of the male reproductive tract , and their main source in the epididymal lumen is represented by the germ cells (Nitta et al., 1993; Carreau & Hess, 2010) . However, aromatase has also been immunolocalized in epithelial cells of rodent, monkey and human ductules efferentes and epididymis (Pereyra-Martinez et al., 2001; Carpino et al., 2004; Joseph et al., 2011) . The oestrogen involvement in modulating functions of mammalian genital ducts was suggested by different experimental works and by the local identification of the classical oestrogen receptors ESR1 and ESR2 (also known as ERalpha and ERbeta) in several species, as reviewed by Hess . ESR1 plays a crucial role in regulating the ability of mouse ductuli efferentes to reabsorb rete testis fluid; in fact, severe histopathological changes, resulting in fluid accumulation, were observed after ESR1 disruption in this organ (Hess et al., 1997) . Furthermore, a recent study has suggested a new role for membrane ESR1 in normal spermatozoa development showing impaired sperm morphology, motility and viability, together with histological alterations of testis, retet testis and ductuli efferentes, in transgenic male mice lacking mESR1 (Nanjappa et al., 2016) . Concerning ESR2, despite its expression in nearly every cell type of ductuli efferentes and epididymis, a defining role for this oestrogen receptor remains unknown Zhou et al., 2002; Schon et al., 2009 ).
In addition, the G protein-coupled receptor (GPER), a mediator involved in rapid oestrogen responses, was then evidenced in ductuli efferentes and epididymis of the rat Hess et al., 2011; Mart ınez-Traverso & Pearl, 2015) . Furthermore, the detection of aromatase in ductuli efferentes/epididymis of monkey and rat (Pereyra-Martinez et al., 2001; Joseph et al., 2011) indicated a possible oestrogen biosynthesis in these sites.
Conversely, due to the limited availability of human tissues for research purpose, few data were reported on the relation between oestrogens and human genital ducts, such as the aromatase imunolocalization (Carpino et al., 2004) in human ductuli efferentes and epididymis and the controversial presence of ESR1/ESR2 (Pelletier & El-Alfy, 2000; Saunders et al., 2001) in the same anatomical tracts. Furthermore, in male genital ducts, no data were reported on the presence of co-regulators of oestrogen receptor transcriptional activity which can affect the local responsiveness to oestrogens. PELP1 contains a central consensus nuclear localization site and exhibits both nuclear and cytoplasmic localization in a variety of cells in the body (Vadlamudi et al., 2001; Nair et al., 2004; Khan et al., 2005 Khan et al., , 2006 .
The GPER expression in the human excurrent ducts is still unknown, although the receptor was identified in other human reproductive structures, as testis (Rago et al., 2011; Fietz et al., 2014; Oliveira et al., 2014) , prostate (Rago et al., 2016) and spermatozoa (Rago et al., 2014) . Therefore, with the aim to add new data on the possible oestrogen targeting in human male reproductive ducts, this work investigated the expression of the oestrogen receptors, GPER, together with ESR1, ESR2, and their co-activator PELP1 (prolineglutamic acid-leucine-rich protein 1) in human ductuli efferentes and proximal epididymis.
MATERIALS AND METHODS

Chemicals and antibodies
The reagents were purchased from Sigma Aldrich (Milan, Italy), unless otherwise indicated. Rabbit polyclonal anti-human GPER primary antibody, LS-A4271, and its related blocking peptide (LS-P4271) were provided from MBL International Corporation (Woburn, MA, USA). Rabbit polyclonal anti-human GPER primary antibody, K19, its related blocking peptide (K19P), mouse monoclonal anti-human ERa, F10, polyclonal rabbit anti-ERb, H150, rabbit polyclonal anti-b-actin primary antibodies were also purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Mouse monoclonal anti-human ERb primary antibodies, MCA1974S (clone PPG5/10), from Serotec (Oxford, UK), and NR3A2 (clone PPZ0506) from Novus (Milano, Italy). Rabbit polyclonal anti-human PELP1/MNAR was from BETHYL (Montgomery, TX, USA). Vectastain Universal Elite ABC Kit was from Vector Laboratories (Burlingame, CA, USA), goat anti-rabbit and horseradish peroxidase-conjugated IgG secondary antibodies were from Amersham (USA). Diaminobenzidine chromogen (DAB) was from Zymed Laboratories (San Francisco, CA, USA).
Epididymal tissues
Human samples were archival cases provided from the Pathologic Anatomy Unit (Annunziata Hospital, Cosenza, Italy). They consisted of formalin-fixed and paraffin-embedded ductuli efferentes and proximal epididymis from six adult patients with seminoma. The ethical committee members of the University of Calabria approved the investigation programme.
Morphological analysis of the samples was carried out by routine haematoxylin-eosin staining.
Immunohistochemistry
For immunohistochemical analysis, paraffin-embedded sections, 5 lm thick, were mounted on slides precoated with polylysine, and then they were deparaffinized and dehydrated (7-8 serial sections). The experiments were performed after heatmediated antigen retrieval. Hydrogen peroxide (3% in distilled water) was used, for 30 min, to inhibit endogenous peroxidase activity while normal goat serum (10%) was utilized, for 30 min, to block the non-specific-binding sites. Immunodetection was carried out using the specific primary antibodies [the two anti-GPER (1 : 100), anti-ERa (1 : 50), anti-ERb (1 : 50) and anti-PELP1/MNAR (1 : 700)] at 4°C overnight. Then, a universal biotinylated IgG was applied (1 : 600) for 1 h at RT, followed by ABC/HRP. Immunoreactivity was visualized using DAB. Sections were also counterstained with haematoxylin. Absorption controls have utilized primary antibodies pre-adsorbed with an excess of their specific purified blocking peptide, at 4°C for 48 h.
Imunoreactivity was scored as negative (À), weakly positive (+), moderately positive (++) or strongly positive (+++) by three independent observers.
Imaging
Epididymal regions were visualized using an Olympus BX41 microscope, and the images were taken with CSV1.14 software, using a CAM XC-30 for image acquisition.
Protein extraction
Protein extraction from formalin-fixed paraffin-embedded (FFPE) sections was carried out according to Kawashima (Kawashima et al., 2014) . The isolation of ductuli efferentes and epididymis (selected areas) was performed using laser capture microdissection (MMI CellCut Plus, OLYMPUS). FFPE areas were transferred to 1.5 ml polypropylene microcentrifuge tubes, deparaffinised, by incubation at room temperature in xylene for 10 min, and rehydrated with a graded series of ethanol (absolute ethanol, 95% ethanol, 70% ethanol, 50% ethanol); after each incubation, the tissues were pelleted at 16 000 g for 3 min, and the incubation/centrifugation steps were repeated twice. The pellet was then briefly air-dried. Then, the tissue pellets were weighed and homogenized in 100 volumes of PEB (500 mM Tris-HCl pH 8.0 and 2% SDS). Samples were incubated at 90°C for 90 min. The extracts were centrifuged for 20 min at 16 000 g at 4°C, and the supernatants were stored at À80°C until biochemical analysis.
Western blot analysis
50 lg protein lysates from each sample were boiled for 5 min, separated under denaturing conditions by SDS-PAGE on 10% polyacrylamide Tris-glycine gels and electroblotted to nitrocellulose membrane. Non-specific sites were blocked with 5% nonfat dry milk in 0.2% Tween-20 in Tris-buffered saline (TBS-T) for 1 h at RT and incubated overnight with indicated primary antibodies [the two anti-GPER (1 : 1000), anti-ERa (1 : 500),anti-ERb (1 : 1000) and anti-PELP1/MNAR (1 : 10 000)]. The antigen-antibody complexes were then detected by incubation of the membranes for 1 h at RT with the horseradish peroxidase-conjugated secondary antibodies (1 : 7000). The bound secondary antibodies were located with the ECL Plus Western blotting detection system (GE Healthcare Europe GmbH, Milan Italy) according to the manufacturer's instruction. Each membrane was exposed to the film for 2 min. All the blots were stripped and reprobed with b-actin as loading control. WB analysis was repeated three times for each sample.
RESULTS
Morphological analysis
Unaltered morphology of the two genital ducts was observed. Ductuli efferentes showed the typical epithelium with irregular profile and alternating groups of ciliated (Cc) and non-ciliated (non-Cc) cells (Fig. 1A) , while proximal epididymis revealed a regular lumen lined by a pseudostratified epithelium with basal (Bc), principal (Pc) and apical cells (Ac) (Fig. 1B) . A circular smooth muscle cell layer coated both regions, with a major thickness in the proximal epididymis.
GPER immunolocalization
GPER immunoreactivity was detected in cell cytoplasm of all epithelial cells. The absorption control section was immunonegative (Fig 1 insert) confirming the immunostaining specificity.
A strong immunoreaction was observed in epithelial cells of ductuli efferentes (Fig. 1A 1 ) , while in proximal epididymis, the epithelial layer was moderately stained (Fig. 1B 1 ) . Furthermore, in both regions, the muscle coat showed a moderate immunostaining, and the stromal cells were unreactive (Table 1) .
ESR1 and ESR2 immunostaining
The two ERs were evidenced in ductuli efferentes, while only ESR2 was observed in proximal epididymis (Table 1) .Particularly, ESR1 was evidenced in the nuclei of both ciliated and non-ciliated cells ( Fig. 2A) while ESR2 only in ciliated cell nuclei ( Fig. 2A 1 ) of ductuli efferentes. Furthermore, in proximal epididymis, ESR2
was detected in few cells of the epithelial layer (basal, principal or apical cells) (Fig. 2B1) . Moreover, a similar results were obtained on the same samples using a different anti-ERS2 antibody (NR3A2 clone PPZ0506), (data not shown), to overcome any problems about antibody specificity as recently questioned (Andersson et al., 2017) .
PELP1 immunoreactivity
PELP1 was revealed either in ductuli efferentes or in proximal epididymis (Table 1) . Particularly, a strong nuclear staining was observed in ciliated epithelial cells of ductuli efferentes (Fig. 3,  A) while in proximal epididymis, the immunoreactivity was mainly observed in principal cells (Fig. 3, B) .
WB analysis
The GPER immunoblot showed a single band at molecular weight value~42 kD, consistent with the receptor molecular weight value. This band co-migrated with the positive control (SKBR3cells) (lane C) (Fig. 4A) ESR1 and ESR2, respectively. These bands co-migrated with the positive control (MCF7 cells) (lane C) (Fig. 4B,C) . The PELP1 immunoblot from ductuli efferentes (lane 1) and proximal epididymis (lane 2) showed a band at weight value1 71 kD, consistent with molecular weight value of the co-activator. The band co-migrated with the positive control (MCF7 cells) (lane C) (Fig. 4D) . Densitometric analysis of the bands is shown in A1, B1, C1, D1.
DISCUSSION
Despite the well-known androgen control (Robaire & Hamzeh, 2011) , the influence of oestrogens on the functional activity of human male genital ducts is, to date, scarcely defined.
However, E2 actions involve coordinated interactions among the different oestrogen receptors to support the function of male reproductive structures. The present work amplified the knowledge of oestrogen targeting in human excurrent ducts identifying GPER, ESR1, ESR2 and the co-activator PELP1 in specific cells of ductuli efferentes and proximal epididymis.
GPER was mainly expressed in the epithelial cells of ductuli efferentes, but it was also evidenced in epithelial layer of caput epididymis, suggesting this receptor as a possible new oestrogen mediator in both regions. Furthermore, the presence of GPER in muscle layer of both ducts indicated a possible its involvement in oestrogen regulation of contractility, probably through the control of oxytocin responsiveness (Filippi et al., 2002a,b) .
Then, we investigated the questioned cellular expression of ESR1 and ESR2. According to the Saunders' report, we evidenced both ESR1 and ESR2 in ductuli efferentes, but identified only ESR2 in proximal epididymis. The different cellular sites of the two ERs were also specified.
In addition, we investigated the expression of PELP1 which has been reported as a co-activator of ERs, modulating their genomic and non-genomic functions (Vadlamudi et al., 2001; Mishra et al., 2004; Vadlamudi & Kumar, 2007) . The PELP1 promoter has two oestrogen-response element (ERE) half-sites and is similarly upregulated by both ERS1 and ERS2 . PELP1 may play critical roles in a variety of biological processes, including proliferation, cell cycle regulation, and apoptosis. It, in fact, acts as a scaffold which assembles critical proteins partners to enhance transcriptional activity (Ravindranathan et al., 2015) . The results showed PELP1 in both genital ducts, particularly in ciliated cells of ductuli efferentes and in principal cells of proximal epididymis, so evidencing a specific cellular localization which was not homogeneous with that one of the two ERs. Therefore, these results evidenced a different regional association of GPER with the classical oestrogen receptors, indicating that oestrogen action could be mediated by GPER, ESR1, ESR2 in ductuli efferentes while only GPER and ESR2 could interact with oestrogens in proximal epididymis.
Previous studies showed that ESR1 knockout mice display multiple reproductive defects, whereas ESR2KO phenotypes are more limited (Hewitt et al., 2005) . No clear developmental or functional defects occur in the reproductive organs of GPER knockout mice despite the lack of oestrogen-mediated effects in numerous other tissues (Isensee et al., 2009; Otto et al., 2009) . Therefore, much remains to be determined regarding the oestrogen mediation of ESR1, ESR2 and GPER in the male genital tract.
This study suggests that specific regional interactions among the different receptors with oestrogens could be involved in modulating the functions of human excurrent ducts. In the human, these function are less known than those of other mammals, but the identification of some anion transport-associated proteins (SLC26A6, CFTR, NHE3, and NHERF-1) in human ductuli efferentes has suggested their possible involvement in water transport (Kujala et al., 2007) , as well as the high transcriptomic and secretomic activities in proximal epididymis could contribute to produce an appropriate microenvironment for spermatozoa maturation (Liu & Liu, 2015; Sullivan & Mieusset, 2016) . Accordingly, the secretion of epididymosomes, extracellular microvescicles able to transfer specific proteins to maturating spermatozoa (Thimon et al., 2008) , has been reported in the same sites. Future investigations need to clarify the oestrogen regulation of the proteins locally secreted in human male genital ducts.
CONCLUSIONS
This work evidenced, in both ductuli efferentes and proximal caput epididymis, the epithelial expression of GPER and its specific association with ESR1 and ESR2, and their co-activator PELP1. Therefore, oestrogens could regulate activity of human male genital ducts through the interplay between the different oestrogen receptors and their co-factors which are differentially expressed in a region/cell-specific manner. examination of samples. V. Pezzi is the author responsible of analyzed data. I. Casaburi is the author responsible of analyzed data. A. Carpino is the author responsible for conception, design, analysis and interpretation of data as well as of drafting manuscript.
